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Abstract—Switchable function of reconfigurable feeding 
network and Single Pole Double Throw (SPDT) switch related 
to WiMAX application is proposed in this paper. Positive 
Intrinsic Negative (PIN) diode is used to realize switchable 
function and the operating frequency for power divider and 
SPDT switch. At the output ports, PIN diodes are added for 
SPDT switch function by turning on and off the output port. 
Then, the stub is added at the output port for matching when 
the function of the power divider is changed to SPDT switch. 
Rogers RO4350 (er = 3.48, h = 0.508mm) is used as a substrate 
material and the copper (thickness = 0.035 mm) related to patch 
of this proposed design. The simulation results for power divider 
at both frequencies are S11 less than -25 dB. The insertion loss, 
S12 and S13, for power divider at 2.5 GHz and 3.5 GHz are -
3.733 dB and -3.634 dB respectively. Meanwhile, the simulation 
results for SPDT switch showed that the S11 is less than -15 dB; 
S12 and S13 are better than -2 dB and infinity isolation for S23 
and S13 for both WiMAX frequencies. Based on the simulation 
results, power divider and SPDT switch were well applied where 
it has better return loss with less than -25 dB and -15 dB 
respectively. The proposed design realized a switchable function 
which can perform as either reconfigurable power divider or 
SPDT switch by using PIN diodes and it can be used for power 
amplifiers or antenna array applications. 
 
Index Terms— Reconfigurable Feeding Network; SPDT 
Switch; Switchable Function; WiMAX Standards. 
 
I. INTRODUCTION 
 
Recently, reconfigurable mobile terminals have become the 
trend. Hence, there are many reconfigurable antennas have 
been validated in practice and examined [1]-[3]. The 
importance of advanced feeding network is to support the 
systems such as phase-array antennas and smart antennas to 
be fully achieved [4]-[6]. The Wilkinson power divider 
(WPD) is one of the fundamental parts in a different type of 
microwave circuits and it has been normally utilized for 
power division and combination in antenna’s feeding network 
[6]-[8]. The conventional Wilkinson divider utilizes two 
quarter-wavelength transmission lines and only operates at a 
certain frequency [9]. 
In order to realize the tunable function of the power divider, 
there are several methods can be done, such as using varactors 
[10]-[13]. But by using varactors, the design of WPD would 
become more complex. In [12], the tunable power divider is 
designed by electrifying the upper and lower surface 
electrode of the liquid crystal (LC) and changing the voltage 
value [14]. However, this design would complicate the 
fabrication process. Furthermore, PIN diodes can be used to 
obtain the tunable power divider capabilities [15], [16]. 
Besides, from the power divider design, the SPDT switch 
function also can be achieved by using PIN diodes. PIN 
diodes are an essential component in designing SPDT switch. 
In [17], the function of the power divider can be switchable 
which it can become a power divider or SPDT switch by 
using PIN diodes in a single design. However, the proposed 
design’s size is large and difficult to fabricate. 
This project presents a miniaturized switchable function of 
reconfigurable feeding network and SPDT switch for 
WiMAX standards, which are 2.5 GHz and 3.5 GHz. The 
feeding network comprises of two modified WPD which can 
be individually reconfigured in length by using PIN diode 
switches. By adjusting the bias voltages of these PIN diodes, 
the operating frequency of the proposed design can be altered 
between two different frequency bands. The proposed design 
also can switch its function from power divider into SPDT 
switch compared with [15]. Furthermore, the proposed design 
has a new feature which is multiband for both functions 
compared to [17]. However, there is a mismatch when the 
function is switched into SPDT switch. Therefore, two 
shorted stubs are introduced at the output ports for matching 
the 2.5 GHz and 3.5 GHz SPDT switch. In this paper, the 
switchable function of reconfigurable feeding network and 
SPDT switch is designed, simulated and investigated. 
 
II. RESEARCH METHODOLOGY 
 
A. Wilkinson Power Divider and Design Equation  
The Wilkinson power divider, proposed by Ernest 
Wilkinson in 1960 gives isolation between ports in the output, 
is adept in matching in all ports, and can be lossless when port 
at the output matches [18]. Figure 1 presents the equal 
transmission line circuit for WPD, where the force delivered 
to both ports at the output is equivalent [9]. 
 
 
 
 
 
Figure 1: The circuit model of the transmission line for WPD [9] 
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Wilkinson Power Divider is a three port network consisting 
of one input port and two output ports as shown in Figure 1. 
Mostly, depend on the application using it, power is divided 
equally or unequally at two different working of frequencies.  
The WPDs at operating frequency of 2.5 GHz and 3.5 GHz 
used Z0 = 50 Ω to design the power divider in which it needs 
a resistor of isolation to be 2Z0 = 100 Ω and the impedance of 
quarter-wave section split transmission line become √2Z0 = 
70.7Ω. The perfect S-matrix of the Wilkinson power divider 
with a load that is matched is shown in (1). 
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Scattering matrix indicates that as the signal entered to the 
port two, it will be the same which separated into ports two 
and three. Port which is matched sets S11, S22 and S33 equals 
zero. As the signal is entered the port one, the power divider 
would be lossless. The magnitude (total squares each 
component) of column one of the scattering matrix is 
equivalent to one [9]. 
 
B. The Proposed Design of Modified WPD and SPDT 
Switch 
Figure 2 shows the proposed design of the switchable 
function of reconfigurable feeding network and SPDT switch; 
and the position of the PIN diodes (D1-D14). A parametric 
study is done to make the design narrowband. Narrowband is 
required in this proposed design so that only signals at 2.5 
GHz or 3.5 GHz is allowed. Since in this proposed design it 
required to be operated either at 2.5 GHz or 3.5 GHz, there 
are two modified WPDs are designed at different frequencies. 
After that, both designs are combined to make it into one 
design by using PIN diode. PIN diodes are used in this design 
to reconfigure the length of the transmission line in power 
divider. For SPDT switch function, one of the output port will 
be turned off. In this proposed design, PIN diodes play an 
important role to make the design have dual functions either 
reconfigurable feeding network or SPDT switch. 
 
 
 
 
Figure 2: The proposed design of the switchable function of reconfigurable 
feeding network and SPDT switch 
 
From Figure 2, when D5, D6, D7, D8, D11, D12, D13 and 
D14 are turned off, the power divider operates at frequency 
of 2.5 GHz and when D1, D2, D3, D4, D11, D12, D13 and 
D14 are turned off, the power divider operates at frequency 
of 3.5 GHz. Figure 3 (a) and (b) shows the circuit 
configuration when the power divider is at operating 
frequency of 2.5 GHz and 3.5 GHz respectively. 
 
 
 
(a) 
 
 
(b) 
 
Figure 3: (a) Circuit configuration of power divider at 2.5 GHz and (b) 
circuit configuration of power divider at 3.5 GHz 
 
 
From Figure 2, in order to turn off one of the connected 
output ports, PIN diodes D9 or D10 will be turned off to 
achieve an SPDT switch function. However, there will be a 
mismatch when one of the output port is turned off. This can 
be overcome by placing stub at the output ports. Two stubs 
are placed at the output port for matching SPDT switch at 2.5 
GHz and 3.5 GHz. The SPDT switch function is also 
reconfigurable in terms of its operating frequency. It can 
operate either at 2.5 GHz or 3.5 GHz. Figure 4 (a) and (b) 
shows the circuit configuration for SPDT switch at 2.5 GHz 
and 3.5 GHz respectively. 
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(a) 
 
 
(b) 
 
Figure 4: (a) The circuit configuration for SPDT switch at 2.5 GHz and 
(b) the circuit configuration for SPDT switch at 3.5 GHz 
 
 
 
III. RESULTS AND ANALYSIS 
 
A. The Proposed Design of Reconfigurable Modified 
WPD 
It has been analyzed that the transmission line at port 1 
effect the most to make it narrow band. That’s mean this 
power divider does not have the same impedance with the 
conventional Wilkinson power divider. That is because the 
transmission line at the ports of the conventional Wilkinson 
power divider is Z0 which is 50 Ω, but after tuning the width 
and length of the transmission line, it will not have the same 
impedance. Therefore, for the conventional power divider, all 
transmission lines will be in the same width and length of the 
transmission line. But, for this design to have a narrow 
frequency band, the transmission line at the ports does not 
have the same size, which means that, port 1 have different 
values of impedance than port 2 and 3. After tuning the 
transmission line at the ports, port 1 has a different dimension 
than port 2 and 3. But, for port 2 and port 3, it has the equal 
dimension of transmission line even after tuning. That is 
because it is to achieve the same output at port 2 and port 3. 
After that, both modified WPD’s designs are combined to 
make it into one design by using PIN diodes to reconfigure 
the length of the power divider. From the analysis that has 
been made, it is found that the transmission line of the ports 
plays an important role in getting a narrow band. 
The proposed power divider in Figure 3 is simulated to 
obtain the S11, S12, S13, S21, S31 and S23 at 2.5 GHz and 
3.5 GHz. The following Figure 5 and 6 shows the result for 
S11, S12, S13, S21, S31 and S23 at 2.5 GHz and 3.5 GHz 
respectively. The PIN diode D1-D8 in the design is assumed 
as a switch on and off to switch the frequency either 2.5 GHz 
or 3.5 GHz. For the power divider function, the PIN diode 
D11-D14 is turned off. 
 
 
 
 
Figure 5: S11, S12, S13, S21, S31 and S23 results for modified WPD at 2.5 
GHz. 
 
 
 
 
Figure 6: S11, S12, S13, S21, S31 and S23 results for modified WPD at 3.5 
GHz. 
 
The return loss of proposed WPD at 2.5 GHz is about -
34.732 dB, S23 is -9.310 dB, S12 and S13 is -3.733 dB. 
Meanwhile, the return loss of WPD at 3.5 GHz is about -
27.252 dB, S23 is -12.779 dB, S12 and S13 is -3.634 dB. 
 
B. Design of Reconfigurable SPDT Switch 
The PIN diodes D9 and D10 play an important role to 
switch the function of reconfigurable power divider into 
SPDT switch. When one of the PIN diodes D9 or D10 is 
turned off, the proposed design will function as SPDT switch. 
It can switch either using port 2 or 3. In addition, this SPDT 
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switch functions also reconfigurable in terms of its operating 
frequency. It can operate at frequencies of 2.5 GHz or 3.5 
GHz. However, when one of the port is turned off, there will 
be a mismatch. Therefore, in this proposed design, two stubs 
are added to overcome this problem. One stub for matching 
the SPDT switch at 2.5 GHz and another one for SPDT switch 
at 3.5 GHz. These stubs will turn on when it is needed. The 
PIN diode D11-D14 will turn on or off the stubs based on the 
condition needed.  
In order to obtain SPDT switch function at 2.5 GHz, one of 
the port needs to be turned off. For example, when port 2 is 
needed to be turned on, the PIN diode D9 will turn on and 
D10 will be turned off. Since port 3 is turned off, all the PIN 
diode (D3, D4, D7, D8) at the transmission line connected to 
output port 3 will be turned off. Meanwhile, the PIN diode 
D1, D2, D5 and D6 will make the SPDT switch 
reconfigurable in terms of its operating frequency. D1 and D2 
will be turned on for SPDT switch function at 2.5 GHz and 
PIN diodes D5 and D6 for 3.5 GHz. The stub at 2.5 GHz will 
be turned on by the PIN diode D11 for matching and D12 is 
for matching SPDT switch function at 3.5 GHz. Figure 7 and 
8 shows the return loss, S11 and insertion loss, S12, S13 for 
both frequencies at 2.5 GHz and 3.5 GHz for SPDT switch, 
respectively. It can be seen that both frequencies have return 
loss less than -15 dB, insertion loss less than -2 dB and 
infinity isolation for S23 and S13. 
 
 
 
 
Figure 7: Simulation result, S11, S12, S13, S21, S31 and S23 for SPDT 
switch at 2.5GHz 
 
 
 
 
Figure 8. Simulation result, S11, S12, S13, S21, S31 and S23 for SPDT 
switch at 3.5GHz 
 
Table 1 shows the comparison of this work with previous 
work on the reconfigurable feeding network. In [17], the 
design is based on the conventional WPD and used PIN diode 
as the tuning element. The conventional WPD has a wideband 
frequency. So, it cannot work with dual-band filter and can 
only reconfigure the operating frequency of the power 
divider. 
 
Table 1 
Comparison with Previous Work 
 
 [15] This Work 
Type of power 
divider 
Conventional Wilkinson 
Power Divider 
Modified Wilkinson 
Power Divider 
Tunable 
Element 
PIN diode PIN diode 
Type of 
Frequency 
Band 
Wideband Narrowband 
Tunable 
Properties 
Operating Frequency of 
Power Divider 
Operating Frequency 
and Switchable Function 
of SPDT Switch and 
Power Divider 
 
IV. CONCLUSION 
 
The design of the switchable function of reconfigurable 
feeding network and SPDT switch for WiMAX applications 
have been successfully designed, simulated, and investigated. 
Two of Wilkinson power dividers are designed and combined 
by reconfiguring the length of the transmission line using PIN 
diode. The conventional WPD has a wideband frequency, but 
for this WPD design, it requires narrowband frequency either 
at a frequency of 2.5 GHz or 3.5 GHz. The simulation results 
of the switchable feeding network show good agreement for 
both frequencies with the return loss below -25 dB and 
S12/S13 better than -3.8 dB that have been achieved. 
Meanwhile, for SPDT function, the simulation results also 
show good agreement for both frequencies with return loss 
less than -15 dB and insertion loss better than -2 dB.  
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